Fluorescence imaging of synapse formation and remodeling.
Brain function is based on proper connectivity between neuronal cells. In the developing brain, neurons extend axons and form synaptic connections with appropriate postsynaptic neurons. Molecular mechanisms underlying establishment of proper synaptic connections are one of the most important topics in the field of developmental neurobiology. Dynamics of synaptic structure and local recruitment of synaptic molecules can be studied by live-cell imaging of neurons expressing fluorescent probes of synaptic molecules. In this review, examples of live-cell fluorescence imaging are presented and their contributions to our understanding about the molecular mechanisms of synapse formation and remodeling are discussed. Imaging of synaptic proteins in living neurons revealed rapid formation of individual synapses within hours and extensive remodeling of synaptic connections. Different types of neurons express unique protrusions from dendrites and axons, which play important roles in synapse formation and maturation. Rapid formation of synaptic structure is associated with continual assembly and disassembly of synaptic scaffolding proteins, which are essential building blocks of the presynaptic active zone and the postsynaptic density (PSD). Quantitative analyses of PSD scaffolding proteins further confirmed their essential roles in maintenance of the synaptic structure. These examples clearly indicate that fluorescence-based live-cell imaging is an indispensable technique in the research on synapse development and its impact will further increase in combination with development of new light microscopic techniques in the future.